The creatine transporter mediates the uptake of creatine by brain tissue, but not the uptake of two creatine-derived compounds.
Hereditary creatine transporter deficiency causes brain damage, despite the brain having the enzymes to synthesize creatine. Such damage occurring despite an endogenous synthesis is not easily explained. This condition is incurable, because creatine may not be delivered to the brain without its transporter. Creatine-derived compounds that crossed the blood-brain barrier in a transporter-independent fashion would be useful in the therapy of hereditary creatine transporter deficiency, and possibly also in neuroprotection against brain anoxia or ischemia. We tested the double hypothesis that: (1) the creatine carrier is needed to make creatine cross the plasma membrane of brain cells and (2) creatine-derived molecules may cross this plasma membrane independently of the creatine carrier. In in vitro mouse hippocampal slices, incubation with creatine increased creatine and phosphocreatine content of the tissue. Inhibition of the creatine transporter with 3-guanidinopropionic acid (GPA) dose-dependently prevented this increase. Incubation with creatine benzyl ester (CrOBzl) or phosphocreatine-Mg-complex acetate (PCr-Mg-CPLX) increased tissue creatine content, not phosphocreatine. This increase was not prevented by GPA. Thus, the creatine transporter is required for creatine uptake through the plasma membrane. Since there is a strong indication that creatine in the brain is mainly synthesized by glial cells and transferred to neurons, this might explain why hereditary transporter deficiency is attended by severe brain damage despite the possibility of an endogenous synthesis. CrOBzl and PCr-Mg-CPLX cross the plasma membrane in a transporter-independent way, and might be useful in the therapy of hereditary creatine transporter deficiency. They may also prove useful in the therapy of brain anoxia or ischemia.